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RESEARCH PERFORMED DURING REPORTING PERIOD 

Work under t h e  g ran t  has continued i n  t h e  a r e a s  enumerated i n  

the  previous semiannual r e p o r t ,  v i z :  

a .  Formulation of t h e  mathematical model of t h e  meteorological  

rocketsonde temperature  sensors .  

b. Der iva t ion  and compilat ion of q u a n t i t a t i v e  d a t a ,  inc luding  

v a r i a b i l i t i e s ,  of assoc ia ted  environmental  parameters.  

c .  Study of r a d i a t i o n  s h i e l d s  f o r  temperature  sensors .  

d .  Development of a numerical technique f o r  t h e  c a l c u l a t i o n  

of t h e  thermal behavior of a p lanar  f i lm .  

e .  Study of no ise  i n  t h e  radar  da t a  from t h e  f a l l i n g  sphere 

technique.  

Evaluat ion of t h e  P i t o t - s t a t i c  p re s su re  measuring technique.  f .  

In  a d d i t i o n ,  r e sea rch  was i n i t i a t e d  toward improvements i n  t h e  opera- 

t i o n a l  rocke t  meteoro logica l  da t a  handling system. The r e s u l t s  of 

t h e  r e s e a r c h  a r e  being organized i n t o  a s e r i e s  of t e c h n i c a l  r e p o r t s ,  

t h e  f i r s t  number of which was submitted t o  NASA a s  a progress  r e p o r t  

i n  March, 1967. This  f i r s t  r e p o r t  presented a quas i -equi l ibr ium model 

which mathematical ly  r e p r e s e n t s  very  wel l  t h e  c u r r e n t  genera t ion  of  

film-mounted rocketsonde the rmis to r s .  It shows t h a t  i n  t h e  mesosphere 

t h e  f i l m  r a t h e r  t han  t h e  bead i s  t h e  sensor  of t h e  a i r  temperature and 

t h a t  t h e  f i lm  a t  t h e s e  a l t i t u d e s  forces  t h e  bead temperature.  The f i l m ,  

when no t  encumbered with t h e  thermal mass a s soc ia t ed  wi th  t h e  presence 



of  t h e  bead, has a much b e t t e r  t i m e  cons tan t .  

The quas i -equi l ibr ium model lends cons iderable  i n s i g h t  i n t o  

t h e  behavior of t he  bead-wire-fi lm sensor system and f a c i l i t a t e s  com- 

p a r a t i v e  a n a l y s i s  and eva lua t ion .  An inverse  form of t h e  model i s  t h e  

b a s i s  of new temperature  c o r r e c t i o n  formulae der ived  f o r  use on rocketsonde 

f l i g h t  d a t a .  An automatic  da t a  processing program us ing  these  formulae 

i s  being developed which w i l l  r ece ive  d i g i t a l  da t a  recorded from the  

t r a c k i n g  r ada r  and temperature  d a t a  from t h e  rocketsonde t r a n s m i t t e r  

and w i l l  produce co r rec t ed  wind and temperature p r o f i l e s .  I n i t i a l  

experiments wi th  t h i s  program a t  Wallops S t a t i o n  a r e  expected t h i s  

s p r i n g  . 
Funct ional  expressions f o r  t h e  convect ion c o e f f i c i e n t s  and re- 

covery f a c t o r  f o r  beads,  w i re s ,  and f i l m s ,  toge ther  w i th  q u a n t i t a t i v e  

d a t a  regard ing  t h e  a s soc ia t ed  v a r i a b i l i t y  and unce r t a in ty ,  have been 

compiled. These q u a n t i t i e s  a r e  e s s e n t i a l  t o  t he  de te rmina t ion  of t h e  

a l t i t u d e  c a p a b i l i t y  of immersion temperature sensors  and a r e  necessary 

f o r  a c c u r a t e  c o r r e c t i o n  c a l c u l a t i o n s .  The computer subrout ine  developed 

f o r  c a i c u i a t i n g  t h e s e  q u a n t i t i e s  f o r  t h e  flow condi t ions  a t  given 

a l t i t u d e s  and a i r  speeds i s  being used t o  genera te  t a b l e s  f o r  genera l  

r e fe rence .  The t a b l e s  w i l l  be included,  a long wi th  a d i scuss ion  of 

t h e  subrout ine  and i t s  mathematical-empirical  bases ,  i n  a r e p o r t  planned 

f o r  submission by June,  1967. 

A p a r a l l e l  r e p o r t  w i l l  t r e a t  the thermal r a d i a t i o n  problem 

a s s o c i a t e d  wi th  rocketsonde sensors .  A r a d i a t i o n  model w i l l  be presented 
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wi th  c a l c u l a t i o n s  and numerical  values  of i n t e r e s t  r e l a t i v e  t o  c u r r e n t  

sensors .  

sensor  t o  t h e  a i r  a l lows r a d i a t i o n  e r r o r s  t o  become l a rge .  Carefu l  

eva lua t ion  of t he  r a d i a t i v e  h e a t  t r a n s f e r  process  i s ,  t h e r e f o r e ,  

necessary  t o  proper ly  c o r r e c t  f l i g h t  d a t a ,  and t o  e v a l u a t e  a l t i t u d e  

c a p a b i l i t y  . 

A t  higher  a l t i t u d e s  decreased convect ive coupl ing of t he  

With the  p o s s i b i l i t y  t h a t  r a d i a t i o n  c o r r e c t i o n  u n c e r t a i n i t y  may 

be reduced wi th  the  u s e  of a r a d i a t i o n  s h i e l d  around the  senso r ,  a s t u d y  

was performed t o  determine the  maximum d i s t a n c e  ( t h e  e n t r y  l eng th )  i n t o  

a tube t h a t  a sensor  may be placed without  encounter ing t h e  thermal  

boundary layer  i n s i d e  the  tube.  The resul ts  of t h i s  s tudy  inc luding  

t h e  e f f e c t s  of a r a r e f i e d  flow are  presented i n  a r e p o r t  being reviewed 

f o r  submission. 

F i n a l  improvements i n  t h e  computer subrout ine  f o r  t he  s o l u t i o n  

of t h e  two-dimensional time-dependent temperature d i s t r i b u t i o n  over 

an heterogeneous f l a t  p l a t e  under a convective and r a d i a t i v e  environment 

a r e  be ing  made. 

of t es t  c a s e s ,  toge ther  wi th  i t s  a p p l i c a t i o n  t o  the  ARCASONDE 1 A  senso r ,  

w i l l  be  submitted by e a r l y  summer. 

A r e p o r t  desc r ib ing  the  program and g iv ing  t h e  r e su l t s  

A paper "Theore t ica l  Comparison of Beads, Wires, and Films a s  

Rocketsonde Temperature Sensors i n  the  Mesosphere" i s  scheduled f o r  . 

p r e s e n t a t i o n  a t  t he  Nat ional  Meeting of t h e  American Meteorological  

Soc ie ty  i n  Los Angeles on June 20 ,  1967. The paper w i l l  be  taken from 

a t e c h n i c a l  r e p o r t  under t h i s  gran t  which, i n  t u r n ,  w i l l  draw from t h e  
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above r e p o r t s  t o  show the r e l a t i v e  mer i t s  of t h e  t h r e e  b a s i c  sensor  

shapes and make recommendations f o r  f u t u r e  sensor  developments. Pro- 

posed sensor  concepts w i l l  be discussed inc luding  the  " f i lm  s h i e l d  f i lm  

sensor" concept and t h e  " t o t a l  temperature sensor" concept ,  both of which 

have a r i s e n  i n  t h e  course of t he  research .  

D i g i t a l  programs and procedures were developed t o  e x t r a c t  t h e  

range r e s o l v e r  e r r o r  (a c y c l i c  r ada r  e r r o r )  from f a l l i n g  sphere r ada r  

da t a .  This  e r r o r  has been success fu l ly  evaluated and sub t r ac t ed  from 

radar  d a t a  obtained from Sandia Corporation of f l i g h t s  recorded a t  

Kauai, Hawaii l a s t  summer. The procedure i s  being appl ied  t o  o the r  

sphere r ada r  records  and a r e p o r t  i s  expected by June. The no i se  re- 

maining a f t e r  s u b t r a c t i n g  the  range r e so lve r  e r r o r  and t h e  sphere motion 

( t h e  smooth drag- f ree  motion near  apogee) i s  under s tudy  t o  determine 

whether o ther  p r e d i c t a b l e  components can be i d e n t i f i e d  and evaluated 

and t o  determine s t a t i s t i c a l  c h a r a c t e r i s t i c s  which might be s imulated 

o r  used i n  eva lua t ing  the  accuracy of t h e  f a l l i n g  sphere technique.  

Study of t h e  P i t o t - s t a t i c  technique f o r  rocket-borne measure- 

ment of atmospheric p re s su re  w i l l  be acce le ra t ed  i n  t h e  next  per iod .  

Sandia Corporat ion has conducted f i e l d  experiments involving s i m u l -  

taneous u s e  of t h e  P i t o t - s t a t i c  probes and t h e  f a l l i n g  sphere and i s  

beginning t o  r e p o r t  r e su l t s .  It i s  hoped t h a t  coopera t ive  e f f o r t  and 

exchange of d a t a  w i l l  produce eva lua t ions  of mutual b e n e f i t .  

The a p p l i c a b i l i t y  of t h e  research  under t h i s  g ran t  t o  atmospheric 

measurements on o ther  p l ane t s  i s  being s tud ied .  I n  s i t u  measurements 
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i n  the  s e n s i b l e  atmosphere of Mars and Venus l i k e l y  w i l l  be a necessary  

complement and v e r i f i c a t i o n  t o  e a r l y  remote sens ing  experiments.  

The q u a l i t y  of ope ra t iona l  measurements from c u r r e n t  rocke t -  

sonde systems can be improved not  only through b e t t e r  sensors  and 

through automatic  da t a  process ing ,  but a l s o  through a b e t t e r  a i r - t o -  

ground d a t a  l i n k .  A min ia ture  module is  being designed and cons t ruc ted  

which w i l l  be a t t ached  t o  an ARCASONDE 1 A  payload t o  demonstrate t h e  

p o t e n t i a l  ope ra t iona l  merits of a pu lse  code modulated s i g n a l  from t h e  

parachute-borne t r a n s m i t t e r .  Since the experimental  modi f ica t ion  w i l l  

not  i n t e r f e r e w i t h  t h e  normal opera t ion  of t h e  o v e r a l l  system, t h e  b e n e f i t s  

of t h e  d i g i t i z e d  channel may be r e a d i l y  assessed  by comparison of i t s  

output  w i th  t h a t  of t he  convent ional  da t a  channel.  Completion of des ign ,  

c o n s t r u c t i o n ,  and ground t e s t s  of demonstration u n i t s  a r e  expected by 

midsummer. Requests f o r  f l i g h t  t es t  w i l l  be submitted when and i f  

cond i t ions  warran t .  

It i s  expected t h a t  t h e  research  f o r  a t  l e a s t  t h r e e  academic 

theses  w i l l  be completed t h i s  summer. 

ment and the  sphere da t a  processing inves t iga t ion  a r e  p re sen t ly  being 

pursued a s  t h e s i s  sub jec t s .  Others a r e  being considered.  

The pulse  code modulator exper-  

T rave l  dur ing  t h e  s i x  month period included t h e  fol lowing:  

1. E l  Paso,  Texas, 7 - 1 1  November 1966; t o  a t t e n d  t h e  American 

Meteorological  Soc ie ty  Conference on the  Dynamic S t r u c t u r e  

of t h e  Free Atmosphere, and f o r  t e c h n i c a l  d i scuss ion  w i t h  

D r .  K.  J. Touryan of Sandia Corporat ion concerning the  
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performance of P i t o t - s t a t i c  probes f o r  t he  measurement of 

atmospheric p r e s s u r e .  

2. New York C i t y  and Langley Research Center ,  V i r g i n i a ,  23-28 

January 1967; t o  a t t e n d  American I n s t i t u t e  of Aeronaut ics  

and Ast ronaut ics  F i f t h  Aerospace Science Meeting and 47th 

Annual Meeting of t he  American Meteorological  Soc ie ty ,  and 

f o r  conference wi th  the  NASA t e c h n i c a l  personnel  a s soc ia t ed  

wi th  t h i s  r e sea rch  g ran t .  

3.  Houston, Texas, 27-31 March 1967; t o  present  a paper based 

on t h e  work under t h i s  granf ”Mathematical Model of t he  

Film-Mounted Rocketsonde Thermistor,’’ a t  t h e  American 

Meteorological  Soc ie ty  Conference on High A l t i t u d e  Meteorology 

and Space Weather. 
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